Abstract: Syndecan-4 is a transmembrane heparan sulfate proteoglycan, which is a coreceptor with integrins in cell adhesion. To get better understand the mechanism and function of Syndecan-4, it is critical to elucidate the three-dimensional structure of a single transmembrane spanning region of them. Unfortunately, it is hard to prepare the peptide because syndecan-4 is membrane-bound protein that transverse the lipid bilayer of the cell membrane. Generally, the preparation of transmembrane peptide sample is seriously difficult and time-consuming. In fact, high yield production of transmembrane peptides has been limited by experimental adversities of insufficient yields and low solubility of peptide. Here, we demonstrate experimental processes and results to optimize expression, purification, and NMR measurement condition of Syndecan-4 transmembrane peptide.
INTRODUCTION
Syndecans are transmembrane heparan sulfate proteoglycans (HSPGs) and present on most cells. [1] They are known to link cell to the extracellular domain as well as to function as heparan sulfate receptors in fibroblast growth factor signaling. [2] [3] [4] [5] Syndecan-4 is a member of the syndecan family,
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which consists of 4 transmembrane heparan sulfate proteoglycans. Syndecan-4 is known to play an important role in focal adhesion. They bind to various bio-mediators, such as basic fibroblast growth factor, midkine, and tissue factor pathway, via its heparan sulfate chain and regulate cell-matrix interactions. Signaling by focal adhesions has an effect on cell adhesion, apoptosis, and gene expression. [6] Syndecan-4 has an N-terminal signal peptide, an ectodomain, a single hydrophobic transmembrane domain, and a short C-terminal cytoplasmic domain. [7] Although the structure of cytoplasmic domain is already known, the mechanism of signal transduction is not clearly understood yet.
It has been known that most transmembrane protein perform crucial roles in the function of cells.
Within the cell membrane, signal transduction is initiated and materials and energy are exchanged.
Cell-cell interaction, as well as cell-environment interaction, is especially necessary for the survival.
However, researching transmembrane proteins has been restricted by a lot of experimental difficulties.
The problem is the relatively low abundance of transmembrane proteins as compared with other cellular proteins, and the purification of them remains quite difficult due to the hinderence by inherent toxicity and aggregative nature of themselves. [8, 9] Recently, we achieved success to produce Syd4-TM peptides and try to examine the structure of the single transmembrane domain of Syndecan-4 (Syd4-TM) in the membrane-like environments. The peptides were overexpressed in the form of fusion protein in Escherichia coli, and purified with several chromatography techniques. To get large amounts of Syd4-TM peptides enough to solid-state NMR structural studies, it was required to design a vector construction suitable for the high-level expression, to screen E. coli strain, and to optimize the conditions of expression and purification. And we also optimized NMR measurement conditions for well ordered Syd4-TM peptides in micelle environments. In this paper, we demonstrate the optimization of expression, purification, and NMR measurement condition for structural studies of Syd4-TM peptides.
MATERIALS AND METHODS

Expression
Detail Methods for suitable vector construction and transformation of Syndecan 4 transmembrane region are explained in previous paper. [8] A single colony was inoculated to 50 ml LB media and grown for overnight at 37 °C. The fully grown culture was transferred in 1 L M9 minimal media and then grown at 37 °C. Fused proteins were induced at OD 600 0.5~0.6 added from 1mM isopropy-β-D-thiogalactoside (IPTG). After 16 hrs of induction, the cells were harvested by centrifugation and stored at -80 °C. [9, 10, 11, 12] 
Purification
The cell pellet was dissolved with lysis buffer containing lysozyme and ultrasonicated in ice 
Cleavage
Lyophilized fusion protein was dissolved in 70% formic acid, and cleavage to remove the fusion partner KSI and His 6 -tag was initiated by adding cyanogen bromide. Reaction mixture was incubated at room temperature under darkness for 5 hrs. Reaction mixture after cleavage was diluted five-fold with deionized water, and then dialyzed in a 1,000 MWCO membrane to remove the impurities, such as cyanogen bromide and formic acid. Finally, dialyzed solution was lyophilized. [9, 10, 11] 
HPLC
Final purification of Syd4-TM peptide was tested at three different conditions using preparative reversed-phase HPLC system (Waters Delta 600, USA). First, protein mixtures containing Syd4-TM were dissolved in 1:4 TFE/MC at a concentration of 2mg/ml, and then centrifuged at 15,000 rpm for 1 hour at 4 °C. Clear supernatant was filtered using 0.45 µm syringe filter, and was then injected to HPLC equipped with a Delta Pak C4 column (7.8 × 300 mm, Waters). Peptides were eluted with a linear gradient of ACN in water containing 0.1 % TFA. Second, protein mixtures were dissolved in 1:4 HFIP/MC at a concentration of 2mg/ml, and then centrifuged at 15,000 rpm for 1 hour at 4 °C.
Clear supernatant was filtered using syringe filter, and was then applied to a Delta Pak C18 column (7.8 × 300 mm, Waters). Peptides were eluted with a linear gradient of ACN in water containing 0.1 % TFA. Third, protein mixtures were dissolved in 1:4 HFIP/MC at a concentration of 2mg/ml, and then centrifuged at 15,000 rpm for 1 hour at 4 °C. Clear supernatant was filtered using 0.45 µm syringe filter also, and was then applied to a Delta Pak C18 column (7.8 × 300 mm, Waters). Peptides were eluted with a linear gradient of eluent C (95% water with 0.1% TFA+3% isopropanol+2% acetonitrile) and D (5% water with 0.1% TFA+ 47% isopropanol,+28% acetonitrile+20% TFE).
HPLC separation was monitored at 220 nm and 280 nm using a PDA detector at a flow rate of 3 ml/min. Each fraction was pooled and identified by 12 % tris-tricine polyacrylamide gel electrophoresis (PAGE). The resultant of Syd4-TM fractions was collected and lyophilized. The molecular weight and the purity were characterized by mass spectrometry also. 
Solution NMR spectroscopy
RESULTS AND DISCUSSION
Expression and purification
High-level expression of KSI-Syd4_TM-His 6 (18 kDa) was induced by addition of 1 mM IPTG at OD 600 0.5 (Fig. 1, lane 2) . Peptide purity and identities at each purification steps were checked by 12 % tris-tricine PAGE and 14 % SDS PAGE, as shown in Fig. 1 . Expressed fused protein was easily found in 14 % SDS PAGE rather than 12 % tris-tricine PAGE. On the other hand, Identification of Syd4-TM peptide after CNBr cleavage or HPLC purification was better in 12 % tris-tricine PAGE than in 14 % SDS PAGE. Since KSI-fused proteins were found in inclusion body (Fig. 1, lane 4 (Fig. 1, lane 5) . The final yield of purified fusion protein was about 120 mg per liter culture.
Cleavage
KSI fused protein was chemically cleaved with CNBr to release the Syd4-TM peptide ( 
HPLC
Final purification of Syd4-TM peptide was conducted under three different conditions, as described above. oxidized homoserine and homoserine lactone. Purified Syd4-TM peptide also formed as a dimer under reducing condition (Fig. 4(b), lane 3) . Finally, we obtained high purity peptides for uniformly 
